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STRUCTURE AND METHOD FOR CREATION 
OF A TRANSISTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to semiconductor devices, 

and more particularly to a novel transistor and method for 
creation of the same. 

2. Description of the Related Art 
As semiconductor devices being scaled to achieve high 

performance and high density circuits, device lateral dimen 
sion become smaller. Dopant cross diffusion betWeen oppo 
sitely doped regions along shared gate conductor becomes a 
severe issue. The cross diffusion varies Work function of the 
gate conductor and hence shifts the threshold voltage (Vt) of 
transistors. At a circuit level, shifted Vt increases transistor 
mismatch, resulting in loW circuit performance or even circuit 
failures. 

FIG. 1 depicts a prior art FET. The feature characteristic of 
this prior art PET is the dopant cross diffusion that occurs at 
the junction 130 of the N and P type doped regions. As 
depicted in FIG. 1, a larger percentage of N type dopant cross 
diffusion occurs at the P/N junction 130 closest to the gate 
electrode region doped With N type dopant ions 120, While a 
larger percentage of P type dopant cross diffusion occurs at 
the P/N junction 130 closest to the gate electrode region 
doped With P type dopant ions 110. As depicted in FIG. 1, a 
larger overall percentage of dopant cross diffusion occurs 
near the top portion of the junction 130 than near the bottom 
portion of the junction 130, mainly because dopants are 
implanted to the region close to the top surface of the gate 
conductor. 

The prior art FET of FIG. 1 suffers the disadvantage of the 
requirement of large spacing betWeen N/ and P/FETs in order 
to prevent the adverse effects of dopant cross diffusion that 
occurs at the P/N junction 130. Adverse effects of dopant 
cross diffusion that occurs at the P/N junction 130 includes 
higher device mismatch. As semiconductor devices shrink, 
the industry is under increasing pressure to place devices, 
such as the N/ and P/FETs, at ever decreasing distances rela 
tive to each other. In the case of the prior art FET of FIG. 1, 
hoWever, chip designers are limited because the distance 
betWeen the N/ and P/FET can be no closer than the area of the 
dopant cross diffusion, Which occurs at the junction 130 of the 
N and P type doped regions. 

FIG. 2 depicts another prior art FET. The feature charac 
teristic of this prior art PET is that the area of dopant cross 
diffusion shoWn in FIG. 1, Which occurs at the junction 130 of 
the N and P type doped regions, has been entirely removed. In 
its place an interconnect layer of conductive material 190 
such as tungstenplug or a TiN layer is formed over the spacers 
170, the gate electrode region doped With N type dopant ions 
120, the gate electrode region doped With P type dopant ions 
110, as Well as in the space created by removal of the area of 
dopant cross diffusion shoWn in FIG. 1. 

The prior art FET of FIG. 2 suffers the disadvantages of 
loWering chip density and increasing the risk of shorting 
transistor source and drain regions. As the gate is completely 
removed from the junction 130, it requires the tips of the gate 
conductors extend over the active region to maintain gate 
control to the channel region and to prevent source/drain 
shorting. In current state-of-the-art semiconductor manufac 
turing technology, the minimum spacing betWeen n and p 
doped regions are too small to alloW the complete removal of 
the gate material Without risking shorting the source/drain 
region. The prior art may require an increased N/P spacing, 
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2 
Which results in loWer chip density. The prior art also requires 
a tungsten plug or TiN layer to be formed over the completely 
removed gate conductor region to connect n and p doped gate 
conductors. Similarly, the minimum N/ P spacing does not 
have enough room to alloW for the formation of these struc 
tures Without shorting source/ drain of the transistors. 
What is needed in the art is an improved N/ and P/ j unction 

that reduces dopant cross diffusion Without comprising chip 
density. 

BRIEF SUMMARY OF THE INVENTION 

The invention is directed to a transistor structure and 
method for creation of the same. 

A ?rst embodiment is directed to a semiconductor structure 
comprising a ?rst gate electrode region, a second gate elec 
trode region, and a silicide layer. The ?rst gate electrode 
region comprises a gate electrode material doped With ?rst 
ions for a ?rst device. The second gate electrode region com 
prises a gate electrode material doped With second ions for a 
second device. The gate electrode region is partially removed 
at a junction of the ?rst and second regions. The silicide layer 
is over the partially removed gate electrode region. 
A second embodiment is directed to a method for forming 

a semiconductor structure comprising tWo doping and a 
removing step. One doping step comprises doping a gate 
material With ions of a ?rst conductivity type in a ?rst region 
of the gate material While substantially preventing a second 
region of the gate material from ?rst conductivity type dop 
ing. One doping step comprises doping the gate material With 
ions of a second conductivity type in the second region While 
substantially preventing the ?rst region of the gate material 
from ?rst conductivity type doping in the ?rst region. The 
doping steps create a junction at Which the ?rst conductivity 
type doped region adj acently meets the second conductivity 
type doped region. The removing step comprises removing a 
portion of the junction such that the ?rst conductivity type 
doped region adjacently meets the second conductivity type 
doped region only at a remaining portion of the junction. 
The invention solves the aforementioned problems associ 

ated With prior art transistors. More speci?cally, the invention 
partially removes the top portion of the gate near the junction 
Where dopant cross diffusion is the highest, Without risking 
the shorting of the source/drain. The folloWed self-aligned 
silicidation process connects the N+/P+ gate conductor, With 
out requiring separated interconnect layer. 

For at least the foregoing reasons, the invention improves 
transistor technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and the element characteristics of the inven 
tion are set forth With particularity in the appended claims. 
The ?gures are for illustrative purposes only and are not 
draWn to scale. Furthermore, like numbers represent like fea 
tures in the draWings. The invention itself, hoWever, both as to 
organization and method of operation, may best be under 
stood by reference to the detailed description Which folloWs, 
taken in conjunction With the accompanying ?gures, in 
Which: 

FIG. 1 depicts a prior art ?eld effect transistor (“FET”); 
FIG. 2 depicts another prior art FET; 
FIG. 3 depicts a PET in accordance With a ?rst embodiment 

of the invention; and, 
FIGS. 4a-4f depict a method for forming the FET of FIG. 3. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention Will noW be described With reference to the 
accompanying ?gures. In the ?gures, various aspects of the 
structures have been depicted and schematically represented 
in a simpli?ed manner to more clearly describe and illustrate 
the invention. 
By Way of overview and introduction, the embodiments of 

the invention are directed to a semiconductor structure and 
method for creation of the same. All embodiments comprise 
gate electrode material partially removed at a junction 130 of 
a ?rst gate electrode region comprised of gate material doped 
With ?rst ions for a ?rst device 110 and second gate electrode 
region comprised of gate material doped With second ions for 
a second device 120. 
A ?rst embodiment of the invention Will be described With 

reference to the FIG. 3, Which depicts an electrode material 
partially removed at a junction 130 of a ?rst gate electrode 
region comprised of gate material doped With ?rst ions for a 
?rst device 110 and second gate electrode region comprised 
of gate material doped With second ions for a second device 
120. Note that as depicted in FIG. 3, While the junction 130 
has been partially removed, dopant cross diffusion still 
occurs, hoWever the dopant cross diffusion has been signi? 
cantly reduced. While FIG. 3 depicts a remaining area of 
dopant cross diffusion that occurs at the junction 130, as one 
skilled in the art Would recogniZe the entire area of dopant 
cross diffusion could be removed through the partial removal 
of the junction 130. 

Unlike the prior art depicted in FIG. 2, the ?rst embodiment 
depicted in FIG. 3 does not remove the entire P/N junction 
130. The advantages of maintaining a portion of the P/N 
junction 130 are that gate conductor remains continuous and 
risk of shorting source/ drain is prevented. Also, the self 
aligned silicide 150 can still form over partially removed gate 
conductor surface. Instead, the ?rst embodiment includes a 
silicide 150 over the ?rst gate electrode region comprised of 
a gate material doped With ?rst ions for a ?rst device 110, the 
junction 130, and the second gate electrode region comprised 
of a gate material doped With second ions for a second device 
120. The purpose of the silicide 150 is to form loW resistance 
connection betWeen the tWo oppositely doped gate conductor 
regions. 

Further unlike the prior art depicted in FIG. 1, the ?rst 
embodiment depicted in FIG. 3 minimizes the section of the 
P/N junction 130 With the greatest potential for dopant cross 
diffusion. The advantage of minimiZing the section of the P/N 
junction 130 With the greatest potential for dopant cross dif 
fusion is because dopant concentration is of the highest near 
the top region of the gate conductors. Therefore, the ?rst 
embodiment enables chip designer to space P/ and N/FETs 
Within closer distances of each other, Which consequently 
enables greater chip density, an ever reaching goal as semi 
conductor industry advances. 

Note that the materials that comprise the ?rst embodiment 
depicted in FIG. 3 are varied. The silicide 150 preferably 
comprises a metal silicide, such as NiSix, NiPtSix, CoSix, 
TiSipYbSiX, or ErSix. The substrate 140 preferably comprises 
a semiconductor material, including Si, SiGe, SiC, or GaAs. 
Finally, the gate material of both the ?rst and second gate 
electrode regions, 110 and 120 respectively, comprises a con 
ductive material, such as a doped semiconductor material, 
metal, metal silicide or a metal nitride, and more speci?cally, 
comprises Si, SiGe, NiSix, TiSix, W, TiN, TaN, or a combi 
nation of tWo or more of these materials. 

FIGS. 4a-4f depict a method for forming the FET of FIG. 3. 
In FIG. 4a, a base device is depicted. The base device com 
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4 
prises a gate material 190 With tWo spacers 170 on either side 
of the conductive material 190. As mentioned herein above, 
the gate material is preferable a conductive material, such as 
a metal silicide or a metal nitride, and more speci?cally, 
comprises Si, SiGe, NiSix, TiSix, TiN, or TaN. The gate 
material 190 is deposited on substrate 160. As mentioned 
herein above, the substrate 160 comprises a semiconductor 
material, such as Si, SiGe, SiC, or GaAs. 
As depicted in FIG. 4b, the gate material is doped With ions 

of a ?rst conductivity type is a ?rst region of the gate material 
110. In FIG. 4b, the ions of a ?rst conductivity type comprise 
P type ions. Simultaneously, the second region of the gate 
material 120 is prevented from doping of a ?rst conductivity 
type With a masking layer 180. 

FolloWing the doping of the ?rst region 110 depicted in 
FIG. 4b, the second region 120 is doped in FIG. 40. Similar to 
FIG. 4b, While the second region 120 is doped With ions of a 
second conductivity type, the ?rst region 110 is protected 
from doping of the ?rst conductivity type With a masking 
layer 180. The ions of the second conductivity type comprise 
N type ions in the illustrative example depicted in FIG. 4b. As 
one skilled in the art Would recogniZe, the ?rst region 110 
could be doped With N type ions and the second region 120 
could be doped With P type ions. 
Once both the ?rst and second regions, 110 and 120 respec 

tively, have been doped, a junction 130 at Which the ?rst 
conductivity type doped region adjacently meets the second 
conductivity type doped region is created. Note that the junc 
tion 130 depicted in FIG. 4d, is reminiscently familiar With 
the N/P junction 130 depicted in prior art FIG. 1. Unlike the 
prior art depicted in FIG. 1, hoWever, the junction 130 
depicted in FIG. 4D Will be substantially reduced. The junc 
tion 130 is substantially reduced through the use of a masking 
layer 180 that exposes the junction 130 betWeen the ?rst and 
second regions, 110 and 120 respectively, and enables the 
partial etching of the gate electrode region. 

In FIG. 4D, the junction 130 has been partially removed. In 
a preferred embodiment of the invention, ?fty to seventy 
percent (50-70%) of the junction 130 Would be removed. 
Such partial removal of the junction 130 signi?cantly reduces 
the adverse effect of dopant cross diffusion at the junction 
130. 
Once the junction 130 has been partially removed, dopant 

activation anneal including rapid thermal anneal, laser anneal 
is performed to activate dopants. A layer of self-aligned sili 
cide 150 is formed over the entire structure, as depicted ?nally 
in FIG. 3. 
The invention solves the aforementioned problems associ 

ated With prior art transistors. More speci?cally, the invention 
reduces dopant cross diffusion that occurs at N/P junctions 
Without comprising chip density. There is no need for addi 
tional interconnect layer. And the patterning of the partial 
removal doesn’t require minimum critical dimension lithog 
raphy. 

While the invention has been particularly described in con 
junction With a speci?c preferred embodiment and other alter 
native embodiments, it is evident that numerous alternatives, 
modi?cations and variations Will be apparent to those skilled 
in the art in light of the foregoing description. It is therefore 
intended that the appended claims embrace all such altema 
tives, modi?cations and variations as falling Within the true 
scope and spirit of the invention. 
What is claimed is: 
1. A method for forming a semiconductor structure, com 

prising: 
doping a gate material With ions of a ?rst conductivity type 

in a ?rst region of the gate material While substantially 
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preventing a second region of the gate material from said 
?rst conductivity type doping; 

doping the gate material With ions of a second conductivity 
type in the second region While substantially preventing 
the ?rst region of the gate material from said second 
conductivity type doping, the doping steps create a junc 
tion at Which the ?rst conductivity type doped region 
adj acently meets the second conductivity type doped 
region; and, 

removing a portion of the junction such that the ?rst con 
ductivity type doped region adjacently meets the second 
conductivity type doped region only at a remaining por 
tion of the junction. 

2. A method as in claim 1, further comprising: 
forming silicide over the gate material. 
3. A method as in claim 1, the ?rst doping step comprising 

masking the second region and implanting one of P-type 
dopant ions and N-type dopant ions in the ?rst region. 

6 
4. A method as in claim 3, the second doping step compris 

ing masking the ?rst region and implanting one of P-type 
dopant ions and N-type dopant ions in the second region. 

5. A method as in claim 4, the second doping step sequen 
tially folloWing the ?rst doping step. 

6. A method as in claim 1, the removing step comprising 
patterning a masking layer to expose the junction betWeen the 
?rst and second regions and partially etching the gate mate 
rial. 

7. A method as in claim 1, the preventing step comprising 
masking said region With a polymer material. 
8. A method as in claim 1, the gate material is partially 

removed before a dopant activation anneal step. 
9. A method as in claim 1, Wherein removing said portion 

of said junction comprises removing about 50 percent to 
about 70 percent of said junction, leaving a remaining portion 
of about 30 percent to about 50 percent. 

* * * * * 


